Introduction
Timely access to diagnosis and anti-Trypanosoma therapy by people living with Chagas disease has been shown to substantially reduce morbidity and mortality, as well as improve the overall quality of life [1] . American trypanosomiasis is endemic in Latin America, where it is caused by the parasite Trypanosoma cruzi. However, Chagas disease has become an emerging global problem due to the growing international migration and travel of Latin Americans to nonendemic countries [2] . The World Health Organization (WHO) estimates that Chagas disease affects 6-7 million people worldwide and it causes more than 7000 deaths per year [3] . Although prevalence data are limited, the most recent estimate suggests that about 437,960 people living in Colombia are infected with T. cruzi [3] ; the vast majority of people with the disease remain undiagnosed and untreated.
The diagnosis of Chagas disease is complex due to the dynamics of parasitemia in the phases of the disease [4] .
In the acute phase, the parasitemia is high, and therefore the diagnosis is performed by direct parasitological tests. Nevertheless, direct parasitological tests are not useful in the chronic phase due to the low and intermittent parasitemias [1] . Therefore, the diagnosis of Chagas disease in the chronic phase is determined by serological tests such as enzyme-linked immunosorbent assay (ELISA), indirect hemagglutination assay (IHA), indirect immunofluorescence assay (IFA), western blot, and rapid diagnostic tests such as immunochromatography [5] [6] [7] . A considerable variation in the reproducibility and reliability of the results is observed with the five methods. A single test is not sufficiently sensitive and specific to make the diagnosis. For this reason, the WHO recommends applying two or more tests that use different techniques and/or detect antibodies to different antigens [8] . The conventional serological tests commonly used are ELISA and IFA, which are time-consuming and consist of several steps, thus increasing the possibility of operational error [4] .
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Recently, molecular techniques such as polymerase chain reaction (PCR) have been considered as supportive diagnostic tests due to their ability to determine parasitic loads of T. cruzi in all clinical phases of the disease [9] . Unfortunately, its routine use in resource-poor settings is limited by the high costs and every lab needs dedicated PCR infrastructure, trained technicians, and specialized equipment, and it is not yet recommended as a screening or diagnosis test [9] . Recent technological developments have led to the proliferation of new rapid diagnostic tests based on recombinant proteins or synthetic peptides and have shown promising results for the diagnosis of T. cruzi infection [10] . However, these tests need to be adapted in different settings. These include differences in the characteristics of the population or the infectious agent, including the infection prevalence and genetic variation of the pathogen, as well as the test methodology [10] .
In Colombia, Chagas disease testing has not been broadly promoted, as well as the etiological treatment [11, 12] ; individuals are traditionally tested when they donate blood [13] . Screening in blood banks is the main source of identifying cases and the prenatal care programs as a regular practice do not recommend screening for Chagas disease in pregnant women. In addition, most healthcare providers do not routinely offer screening tests to detect T. cruzi infection to their patients.
This research aimed to identify potential barriers to healthcare access for Chagas disease in Colombia, defined as diagnosis, from the perspective of healthcare providers, and, additionally, to systematically review the literature on the views of healthcare professionals to the access to healthcare for Chagas disease and to identify potential barriers.
Methods
A simultaneous mixed-methods study design was conducted, involving (i) a systematic review of the literature to identify published papers describing the views on the barriers to access to healthcare for Chagas disease from the perspective of health managers and health professionals, (ii) a cross-sectional survey, and (iii) semistructured in-depth interviews, to collect data from healthcare providers and policymakers at the national level in Colombia. In addition, (iv) key documentary information was examined. The results of the four stages of data collection were formally triangulated.
Systematic Literature Review

Search Strategy and Identification of
Articles. This review was carried out as per PRISMA guidelines (Table 5) . Extensive electronic searches were conducted for published literature in PubMed, EMBASE, SciELO, and Google Scholar. A secondary search was conducted by reviewing the reference lists of the retrieved studies. Searches were restricted to articles written in English and Spanish, but there were no publication year or status restrictions. The date of the search was 1 August 2016. See Appendix A for the full search strategy for each database.
Study Selection.
Identified articles were initially filtered with a title search by two investigators independently. Publications were included if they reported on views of health managers and health professionals on access barriers to healthcare for Chagas disease. The concept of access to healthcare was defined as the degree to which people are able to reach and obtain adequate care from the healthcare system in a timely manner [14, 15] . Review articles and research published only in abstract format were excluded. Two reviewers independently read full-text versions of eligible articles and disagreements were resolved by consensus, and in the case of persistent disagreement, input from a third reviewer was obtained. The Critical Appraisal Skills Programme checklist was used to assess the quality of the included studies [16] .
Data Extraction and Synthesis of Results.
The extraction of the results from the primary studies in this review was done manually in a matrix (Access 2007, Microsoft Inc., Redmond, WA), which included data on authors, year of publication, country of origin, aims, research design, characteristics of the scenarios and participants of studies, data recognition tools, method of data analysis, and specific results presented by the researchers. Data were extracted by one reviewer and checked by two others for omissions and accuracy. The data analysis in this review was carried out following the approaches for the generation of qualitative metasynthesis suggested by Sandelowski and Barroso [17] , through comparative analysis. These findings were classified to determine the level of congruence between the results and supporting data from primary studies as proposed by Briggs [18] . This classification of the findings allows identifying the degree of credibility of the researcher's interpretation in three levels: unequivocal (findings accompanied by an illustration that is beyond reasonable doubt and therefore not open to challenge), credible (findings accompanied by an illustration lacking clear association with it and therefore open to challenge), and unsupported (findings not supported by data).
Data Collection:
Interviews. Qualitative data were collected via interviews (Appendix B). We made a qualitative explorative study with data from a purposive sample of sixteen key informants through semistructured, face-to-face interviews. The key informants, who were health policymakers, heads of departments, directors of hospitals, and primary care physicians, mainly worked at the national level, but also a few at provincial levels. These physicians had knowledge and experience in treating cases of Chagas disease. Primary care physicians included general practice, family practice, internal medicine, and obstetrics and gynecology. Health managers were selected for this study because their position usually has oversight of the budget, equipment purchasing, facility operations, and patient flow. In addition, snowball sampling, a strategy where experts help identify other information-rich cases, was used. The interviews took place in the offices of the key informants during official working hours and each interview took between 30 minutes and one hour. questionnaire was created to assess the perception of these key informants about their own services in relation to barriers to access to diagnosis for Chagas disease and to evaluate the awareness and knowledge about the recommendations on the diagnosis of Chagas disease according to Colombian clinical practice guidelines (Appendix C). The questionnaire was pretested on a convenient sample of 10 health professionals (not included in the final sample). The questionnaires were distributed to the professionals during their interview. In addition to questions on sociodemographic information, the final instrument in Spanish language had 11 items. The questionnaire included quantitative and qualitative questions. The awareness was assessed using one question regarding whether the professional had previously heard about the clinical practice guideline for Chagas disease. If the professional responded positively to the question, he/she was considered aware and received 10 follow-up questions. For the five quantitative questions, the respondents answered either "yes," "no," or "do not know." One point was given for each correct response and zero points for each wrong or "do not know" response on items related to knowledge. The minimum and maximum possible scores were 0 and 5, respectively. The qualitative component of the questionnaire included five open-ended questions. 
Data Analysis.
All quantitative survey data were doubly entered into a computerized relational database (Access 2007, Microsoft Inc., Redmond, WA). Means and standard deviations (SD) were determined for quantitative variables. Data were analyzed using Fisher's exact test to compare categorical variables and an unpaired -test or one-way ANOVA for continuous variables. Statistical analyses were performed using the Stata5 (release 11.0) software package (Stata, College Station, TX).
values less than 0.05 were considered as statistically significant.
Examination was based on framework analysis and thematic analysis methods. All qualitative data obtained from in-depth interviews and policy documents were described and organized according to the Health System Reform Framework [19] , which allowed identifying health system deficiencies, and the thematic analysis method also allowed identifying emerging issues. Audio tape recordings of indepth interviews were transcribed and the data were analyzed with NVivo software (QSR International Pty Ltd., Doncaster, Australia).
Data Integration.
Three triangulation techniques were used for the integration of research components [20] . These included methodological triangulation, with the use of more than one data collection technique (interviews, questionnaires, and documentation); data triangulation, with the use of multiple data sources (reports, physician, and health policymakers); and investigator triangulation using three researchers in the analysis. The integration of these components was arranged in the Health System Reform Framework considering three key emerging issues. Subsequently, the data sources using qualitative and quantitative methods were compared to see if they converged or diverged. The convergence of themes across the datasets was coded and assessed using triangulation matrices to display and interpret findings. "Agreement" indicates that the key finding was identified, "partial agreement" means that the finding was partially covered, and "disagreement" indicates a contradictory finding. If none of these three codes could be attributed, the label "silence" was used [20] . 
Ethical
Results
Results of Literature Review.
The literature search identified 964 records. After screening titles and abstracts, 14 met inclusion criteria and were eligible. After full-text review and manual review of references, 3 publications were included; a PRISMA flow diagram of study selection is presented in Figure 1 .
The revision of the articles included in this study reported that patients with Chagas disease face a variety of barriers to obtaining adequate and timely access to care for this disease, mainly barriers associated with diagnosis and treatment. Most of the views expressed about access to healthcare for a person infected with T. cruzi were negative. The main findings of each study are summarized in Table 1 .
The most frequent barriers reported were limited diagnostic and institutionalized referral and care processes, lack of laboratories that perform confirmatory tests, lack of financing for patient-care activities, limited awareness and training among providers, lack of licensing of drugs for Chagas disease, absence of national clinical guidelines, and limited provider awareness.
Results of Interviews.
Interviews with health managers and health professionals provided information on the routes for access to the diagnosis of Chagas disease in the health system (see Figure 2 ) and about barriers that people face to request their diagnosis and that the organization faces in prevention and health promotion services.
Key informants unanimously declared that although the diagnosis of the disease was provided within their organization, community services and issues beyond their control also affected access to health and integration they were able to provide. Barriers to access that emerged from the key informant interviews were described and organized according to the Health System Reform Framework [19] .
Financing and Payment. The results of the interviews suggest that financing is a fundamental barrier that limits the access to diagnosis for many patients with Chagas disease. In Colombia, tests for the diagnosis of T. cruzi in both the acute phase (direct methods) and the chronic phase (indirect methods) are part of the basic services package of the mandatory health plan and any person with subsidized health insurance (without ability to pay) or contributory regime (with ability to pay) can have access to them. Despite this, most patients have to bear the cost of ∼$25 US dollars (USD) of the confirmatory test (IFA) due to the lack of laboratories in the primary care centers that perform this second test. In addition, patients for each medical appointment and for each test must pay a copayment (it is a percentage payment that must be made by the beneficiaries of the contributor to the contributory regime and all affiliates of the subsidized regime, ∼$1 to $8 USD). Alternatively, they must pay a moderating fee (a contribution in money to be paid by all members of the contributory scheme, ∼$1 to $8 USD). In addition, patients must bear transportation costs to primary care centers (∼$3 USD) and the displacement towards the laboratories (∼$3 to $25 USD) that are usually found in cities. On the other hand, coverage rates for health affiliation are less than 100%, especially in rural areas. People without health affiliation experience greater barriers to care, delay seeking care, and have greater unmet needs.
Organization. Interviewees indicated that the greatest organizational challenges were the absence of diagnostic tests in hospitals in primary care, lack of validation of rapid tests, high heterogeneity in test reliability, few centers with the capacity to perform confirmatory tests, and the nonintegration of diagnosis and treatment of Chagas disease in primary healthcare centers, which are barriers affecting access to diagnosis. In Colombia, there is a national network of laboratories composed of 4 national reference laboratories, 32 departmental public health laboratories, and 1 district public health laboratory. These laboratories are public institutions responsible for carrying out diagnostic activities, technical and educational activities, and quality control and providing support, reference, and counter-reference for public health surveillance and disease control. However, laboratories that can perform confirmatory testing are very few. On the other hand, blood banks have an obligation to screen all blood units for T. cruzi and confirm all seroreactive units. Nevertheless, there is no follow-up of positive cases. There is a guideline for the diagnosis and management of Chagas disease that has important limitations in the applicability, mainly because most patients with this disease are located in rural areas where there are organizational barriers that prevent the implementation of recommendations. In addition, the guideline has not been updated with the available evidence against T. cruzi infection, which prevents its use as a reliable tool for clinical decision-making.
Regulation. Respondents indicated that in order to perform diagnostic tests for Chagas disease patients must face some administrative barriers. The first barrier that patients face is to get a medical appointment for which they must call by phone. In this first step, the interviewees indicate that telephone lines are often busy or patients are redirected. Subsequently, the tests must be authorized by the health provider and the patient is directed to the laboratory. Again, the patient should contact the laboratory for the tests. These are the steps that a person belonging to the subsidized or contributory health regime must follow. In general, the interviewees report that the time elapsed since the physician requests the tests until confirming the diagnosis is 6 months.
Behavior. There is a general agreement among the interviewees that physicians in Colombia are aware of the existence of the disease and have a good knowledge of Chagas disease. However, they believe that physicians have weaknesses in diagnosis. They are unaware of the diagnostic tests that are available in the country and have difficulty interpreting the results. Another problem is that there is an increasing tendency to specialize the disease (cardiologists and infectious disease specialists, among others) and patients are not treated in the primary care centers. Resistance persists by physicians to consider this disease as a possible diagnosis in the population at risk. It is necessary to keep updating these professionals by emphasizing the diagnostic interpretation. Barriers to access to diagnosis for Chagas disease are summarized in Table 2 .
Results of Survey Research.
In total, 16 key informants were included. All questionnaires were completed and returned. The mean age of the respondents surveyed was 48.4 and the average number of years as an administrator or physician was 11.4. The majority of the respondents were male (12, 66.7%). All respondents were familiar with the existence of a guideline for the diagnosis and management of Chagas disease; the score obtained was associated with age and experience of the respondent; see Table 3 .
The group (health professionals and health managers) evaluated that 100% of the population that they cover have access to the diagnosis for T. cruzi in the acute phase of the disease and only 50% of this population have access to the diagnosis in the chronic phase. All believe that the diagnosis for this disease should be available in primary care centers and all agree on the importance of guidelines to facilitate decision-making.
The health managers refer that their institutions have an e-mail, telephone, and access to the Internet and this allows physicians to review the diagnostic and management guideline. The institutions do not have the infrastructure or economic resources to acquire the necessary equipment to confirm the diagnosis. They report that they have heard of other diagnostic methods such as rapid tests, but these are not recommended by the guidelines. In addition, they believe that other strategies should be used to explain the content of the guidelines because doctors "are saturated with clinical practice guidelines." They perceive resistance from physicians to consider this diagnosis and they refer discomfort to research projects that screen for Chagas disease and do not disclose the results to the participants.
The health professionals feel that the diagnosis of Chagas disease is difficult because of the lack of specific signs or symptoms, especially in the adult population that generally has other comorbidities, and also the report of the results is not standardized and changes according to the laboratory, making the interpretation of the results difficult, especially "indeterminate results." With regard to guidelines, they consider that these are rarely applicable to clinical practice and that the recommendations are not explicit and contain many tests that are not available in their region. They feel uneasy with research projects that perform specialized tests that they cannot interpret and that are not considered as diagnostic tests.
Results of Review of Documents from Colombia.
In Colombia, it is estimated that there are 4,813,543 people at high risk for getting Chagas disease and 437,960 cases infected with T. cruzi [3] . A total of 65,200 tests were performed for screening of Chagas disease between 2008 and 2015, representing 1.35% coverage of screening of the population at risk for this period. Of these, 6,722 (10.3%) cases were confirmed with infection by T. cruzi according to the Weekly Epidemiological Bulletin of the National Institute of Health [24] . This is equivalent to 1.5% of the total cases estimated by the WHO. On the other hand, the data reported by the National Blood-Banks Network showed that 5,134,191 blood units were screened for T. cruzi, representing 100% coverage of screening in donors for the same period. 0.41% and 0.38% of blood units were reactive for T. cruzi during 2014 and 2015, respectively [25] .
In addition, a predominance of cases with chronic Chagas disease was observed in the main cities of Colombia. However, the data from the blood banks come from a selected population and these do not represent the distribution of the disease in the country. Unfortunately, there is no information on cases confirmed by blood banks and their referral to primary care centers.
Regarding the clinical practice guideline [26] , it was observed that it was elaborated in 2009, it has not been updated, and it has methodological limitations due to the lack of standardized processes in its development, which resulted in a guideline with an overall quality of moderate to low [27, 28] .
With regard to the diagnosis of Chagas disease in Colombia, all 33 public health laboratories have the capacity to carry out direct parasitological methods (thick and thin peripheral blood drop). However, of the 33 public health laboratories, only twenty have the structural and technological capacity to perform at least one indirect parasitological test (ELISA, IFA, or IHA), five laboratories perform 2 diagnostic techniques, and three laboratories perform 3 indirect parasitological tests. Eighteen public health laboratories perform ELISA, seven laboratories perform IFA, and three laboratories perform IHA. Distribution of indirect parasitological methods for diagnosis of Chagas disease in Colombia is shown in Figure 3. 
Results of Integration Data.
A total of 14 key findings were identified and the level of agreement among the sources of information is shown in Table 4 . The findings showed an almost perfect agreement between the views of health professionals and health managers (13/14, 93%). There was no disagreement on any findings among the sources of information, but the literature review and document review had a "silence" coding. All but two of the findings identified in the interviews and questionnaires were further identified in the systematic review. Quantitative and qualitative data about health professionals and health managers showed that these professionals converge in most of their perceptions.
Discussion
This study provides evidence to suggest a wide gap in access to the diagnosis of Chagas disease in Colombia. To measure the gap in access to diagnosis, this research shows that from 2008 to 2015 only a small percentage (1.5%) of the estimated cases in Colombia were identified through the public health surveillance system [20] . There is no information regarding the number of cases identified in blood banks, only data on the percentage of seroreactivity to T. cruzi in blood units. However, it is known that the referral and counter-referral system between blood banks and primary care centers for public health surveillance is deficient, which limits the followup of these cases. A similar situation occurs in the United States where less than 1% of the estimated cases were identified among blood donors, the only source of national case data [17] .
This research also clearly shows the barriers to access to health services faced by patients with Chagas disease in different regions of the world, in particular, the barriers related to access to diagnosis and treatment of the disease. The interviewees confirmed that almost 6 months elapse between the requests of the tests and the confirmation of the diagnosis of the disease. The health system barriers that explain the gaps in access to care for patients with Chagas disease can be divided into three main barriers: (1) limited diagnosis of Chagas disease, (2) funding, and (3) limited physician awareness and knowledge of the disease.
The first is related to the limitations of access to diagnosis, a barrier identified in several regions of the world like the United States [21] , Mexico [23] , Italy [29] , and Switzerland [30] . This barrier is closely related to the degree of knowledge about Chagas disease [31] . If the knowledge of the physicians is limited, they will not consider this disease as a potential diagnosis. In addition, the lack of clear recommendations for screening, the requirement of two tests to confirm the diagnosis, the lack of laboratories with the capacity to perform the two tests in primary care hospitals, and the few centers to perform confirmatory tests are all potential factors that limit access to diagnosis. The present research shows that in Colombia there are few public health laboratories with the capacity to perform the two complementary tests for the diagnosis of the disease. In order to reduce this barrier, countries have marketed rapid tests. However, in Mexico and the United States, great heterogeneity has been observed in the results [21, 23] . In contrast, Colombia has not validated the use of these tests for routine clinical practice. In addition, some countries have established screening in blood banks as mandatory; in countries such as Colombia and the United States, the screening rate is 100% [13, 21] . Other countries such as Mexico, where Chagas disease is endemic, have not been able to complete this percentage [23] . Moreover, other barriers coexist such as immigration status, high costs to access to the health system, and language, which perpetuate the gap to access to the diagnosis [21] . The second limitation is funding. Financial barriers, not surprisingly, played a central role as demonstrated by several studies in the United States [21] and Mexico [23] , as well as studies in other European countries, such as Switzerland [32] and Italy [29] . Interviews with health managers and health professionals indicate that although the diagnosis of Chagas disease is covered by the health benefits plan, to carry out these tests, health insurance companies must previously authorize the service, which generates dissatisfaction to users by the queues, time consumption, distances to the authorization sites, denials, and systematic delays by health insurers. These results are in agreement with those reported by Hernández et al. [33] , who characterized the main administrative barriers faced by the Colombian population when they attempt to gain access to health services. They found the barriers derived from the authorizations, lack of opportunity for specialized medical appointments, surgical procedures, and drug delivery. These researchers also reported delays in assigning appointments; they found that telephone lines were busy or users were referred repeatedly for appointment assignment. To this worrying situation, the bureaucratic and administrative barriers existing in authorizations must be added.
The third limitation is the lack of awareness and knowledge among physicians and patients about the disease. According to the interviewees, the lack of awareness of the disease represents one of the great barriers that limit access to diagnosis. If the physicians are not aware of the existence of the disease, they will not consider it as a potential diagnosis in the population at risk and will not order the needed diagnostic tests. This finding is similar to others reported in the United States [31] , indicating that the lack of training of physicians is a possible risk factor for late diagnosis of the disease. In European countries, being nonendemic regions, this aspect becomes a determining factor for a timely diagnosis [29, 32] . In Mexico, although information is being expanded and circulated through various channels, in most cases, it does not promote concrete actions [23] . In Colombia, the government has carried out educational campaigns to strengthen medical skills and raise public awareness about the disease, but it has not evaluated the impact of these campaigns. In addition, this study shows the difficulties that physicians have with respect to the interpretation of test results and the tendency to specialize the disease.
Moreover, key informants perceived the inadequate implementation of clinical practice guidelines for Chagas disease. Most of the respondents mentioned that the guidelines are available on the website of the Ministry of Health of Colombia, but they lacked detailed knowledge of them probably because the guidelines as well as control programs were not widely disseminated. The respondents agreed that education about Chagas disease and control programs should be integrated in the training curricula, especially in medical schools and primary schools in endemic regions.
This study has some limitations; first, the review of the literature only chose articles published in English or Spanish. Secondly, the data on the prevalence of Chagas disease are limited worldwide. Third, there is little information on control programs and education of Chagas disease. Fourthly, Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS).
Methods
Protocol and registration 5
Indicate if a review protocol exists and if and where it can be accessed (e.g., web address) and, if available, provide registration information including registration number.
Eligibility criteria 6
Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, and publication status) used as criteria for eligibility, giving rationale.
Information sources 7
Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched. Search 8 Present a full electronic search strategy for at least one database, including any limits used, such that it could be repeated.
Study selection 9
State the process of selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis).
Data collection process 10
Describe method of data extraction from reports (e.g., piloted forms, independently, and in duplicate) and any processes for obtaining and confirming data from investigators.
Data items 11
List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made.
Risk of bias in individual studies 12
Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level) and how this information is to be used in any data synthesis.
Summary measures 13
State the principal summary measures (e.g., risk ratio, difference in means).
Synthesis of results 14
Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., 2 ) for each meta-analysis.
the results for Colombia were based on opinions and experiences of key informants. However, high levels of agreement between the different key informants suggest reliability of the findings. The views and opinions of key informants may not be representative of all experts of Chagas disease in Colombia.
In conclusion, this study shows that the barriers to access to healthcare for patients with Chagas disease are a global problem; vast majority of people were diagnosed late due to these gaps in access to care. The limited awareness and knowledge of physicians about the disease and the limited number of laboratories with the capacity to perform confirmatory tests are the main barriers to accessing the diagnosis of Chagas disease. Rapid tests are techniques that could help reduce the diagnostic gap. However, having rapid tests is not enough, as many barriers may prevent their successful implementation, for which we recommend qualitative research on diagnostic practices that may help identify potential barriers. In Colombia, the results of this study show that infected people must overcome a number of barriers to achieve the diagnosis. Reducing barriers to early diagnosis of Chagas disease is an important goal in the fight against the disease. However, the current barriers must be addressed in order to provide widespread access to early diagnosis.
